Introduction
Brome mosaic virus (BMV) is the type member of the bromoviruses (Lane, 1981) and has a tripartite genome consisting of positive-sense single-stranded RNAs, designated RNAs 1, 2 and 3 (Ahlquist et al., 1981 (Ahlquist et al., , 1984a . Monocistronic RNAs 1 and 2 encode non-structural proteins la (104K) and 2a (94K), respectively, which are both required for viral RNA replication (Kiberstis et al., 1981; French et al., 1986) . RNA 3 encodes the nonstructural 3a protein (32K) and the coat protein (20K). In cowpea chlorotic mottle virus, a closely related bromovirus, the 3a protein is required for systemic infection of the virus (Allison et al., 1990) . The coat protein is not translated from RNA 3 but from a subgenomic RNA 4 which is generated from RNA 3 during replication. BMV was thought to have a single coat protein of 20K (Lane, 1981) as do many other plant viruses, but Sacher & Ahlquist (1989) have reported that the Russian strain contains a small amount of a truncated coat protein besides the main one. The ATCC66 strain of BMV propagated in our laboratory, clearly contains two types of coat protein in its virion.
We have determined the complete nucleotide sequence of the genomic RNAs of the ATCC66 strain of BMV (K. Mise et al., unpublished data) . A comparison of the sequence with that of the Russian strain demonstrated that two adjacent adenine residues are absent from the non-coding region of RNA 4 just a few nucleotides 5' to the first initiation codon of the coat protein gene in ATCC66. To determine whether this deletion is responsible for the synthesis of two coat proteins in the ATCC66 strain, we inserted two adjacent adenine residues into the cDNA of RNA 3 to obtain an RNA 3 transcript which has the same nucleotide sequence as the Russian strain in the non-coding leader sequence of its coat protein gene. Barley protoplasts inoculated with this RNA 3 transcript together with RNAs 1 and 2, produced a single coat protein.
To investigate further the mechanism involved in the synthesis of the two coat proteins in the ATCC66 strain, we constructed several types of RNA 4 by changing the sequence surrounding the first AUG codon in the coat protein gene and analysed the in vitro translation products of the mutant RNA 4. Here we show that the lack of two adjacent adenine residues in the 5' noncoding region of RNA 4 in ATCC66 destroys the 'Kozak box' sequence (Kozak, 1983) for the initiation of coat protein synthesis from the first AUG codon and increases translational activity from the second AUG codon in the coat protein gene.
Methods
Viruses. Strains of BMV used were ATCC66 which has been propagated in our laboratory, and ATCC PV47, ATCC PV178 and ATCC PVI80 obtained from the American Type Culture Collection. Propagation and purification of BMV were as described previously (Okuno & Furusawa, 1978) .
cDNA clones. Plasmids pBTF1, pBTF2 and pBTF3 contain fulllength cDNAs of BMV (ATCC66 strain) RNAs 1, 2 and 3, respectively, from which infectious transcripts of the complete BMV genome can be produced with T7 RNA polymerase (Mori et al., 1991) .
Plasmid construction. All recombinant DNA techniques used were essentially according to Maniatis el al. (1982) . Enzymes were purchased from Takara Shuzo. The names of the in vitro products transcribed from each plasmid by T7 RNA polymerase after linearization with EcoRl are shown in parentheses. For example, pBTF3 (F3) indicates that F3 can be transcribed from pBTF3 in vitro.
Construction ofpBTF3 IV. Synthetic olig0nucleotides (5' GATCTAT-GTCTTAATTCAGCGTATTAATAATG 3') and (5' TCGACATT-ATTAATACGCTGAATTAAGACATA3'), which contain two additional adenine residues at positions -3 and -4 5' to the first initiation codon of the coat gene, were annealed after phosphorylation and the DNA fragment was introduced into pBTF3 in place of the corresponding BgllI [nucleotide (nt) 1220 on the sequence map] -Sail (nt 1250) fragment, to create pBTF3W (F3W) (Fig. 1) .
Construction ofpBM41. Plasmid pBTF3 was partially digested with Xbat (nt 1757), the ends were filled in with T4 DNA polymerase, and the plasmid was then self-ligated to create pBM41 (M41), which contained four-base insertions at the XbaI site.
Construction ofpBTF4 andpBTF4 W. Plasmid pBB3 contains the fulllength cDNA insert which can be cut from the plasmid as a SnaBIEcoRl fragment and was used to create pBTF3 (Mori et al., 1991) . Plasmid pUCT7 contains the T7 promoter sequence and an NsiI recognition site (Mori et al., 1991) . Synthetic oligonucleotides (5' GTA-TTTAATG 3') and (5' TCGACATTAAATAC 3'), and (5' GTATT-AATAATG 3') and (5' TCGACATTATTAATAC 3') were annealed after phosphorylation and the resulting DNA fragments were introduced into pBB3 in place of a SnaBI (nt 1) -Sail (nt 1250) fragment, creating pBB4 and pBB4W, respectively. Consequently regenerated was the SnaBI recognition site where the cleavage position is coincident with the 5' end of the BMV RNA 4 cDNA sequence. Plasmid pUCT7 was digested with NsiI, m,~de blunt-ended with T4 DNA polymerase and cut with EcoRI. The resulting plasmid was ligated with the SnaBI-EcoRI fragment of the cDNA insert from pBB4 or pBB4W, creating pBTF4 (F4) and pBTF4W (F4W), respectively (Fig. 1) 
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, s ~ s c, t c. K , v ~... Fig. 1 . Nucleotide sequence and polypeptides encoded by RNA 3 and RNA 4 transcribed from biologically active cDNA clones of BMV ATCC66. F3 and F4 have the same sequence as the wt RNA 3 and RNA 4, respectively. F3W and F4W are mutant RNAs 3 and4 each with two additional adenine residues as indicated. Bold letters indicate the first and second initiation codons of the BMV coat protein gene. In BMV the coat protein is not translated from RNA 3 but from a subgenomic RNA 4 which is derived from RNA 3 during replication.
Construction of pBTF4FS and pBTF4WFS. Plasmids pBTF4 and pBTF4W were digested with Sail (nt 1250), filled in with T4 DNA polymerase and then self-ligated to create pBTF4FS (F4FS) and pBTF4WFS (F4WFS), respectively, which contained four-base insertions at the Sail site.
Construction of plasmids containing point mutations at the flanking sequence of the first initiation codon of the coat protein gene. Plasmids pBTF4 and pBTF4W were partially digested with HindIII and then digested with EcoRI. The resulting fragments, containing the entire BMV RNA 4 cDNA and T7 promoter sequence, were ligated into HindIII and EcoRI-cut pUC118 (Vieira & Messing, 1987) , creating pF4118 and pF4W 118, respectively. Alterations of adenine at position -3 (i.e. three nt 5' to the first initiation codon of the coat protein gene), adenine in position -4 and both adenines at positions -3 and -4 were accomplished by using synthetic oligonucleotides (5" CTATCGT-ATTABTAATGTCGAC 3'), (5' CTATCGTATTBATAATGTCG-AC 3') and (5' CTATCGTATTBBTAATGTCGAC 3'), respectively, where B is C, G or T, and by using ssDNA obtained from pF4W118 as a template. Alterations of thymidine in position + 4 were accomplished by using two oligonucleotides, (5" ATTAATAATGVCGACTTCAG-G 3') and (5' GTATTTAATGVCGACTTCAGG 3') where V is A, C or G, and by using ssDNA obtained from pF4W 118 and pF4118 as a template, respectively. Deletion mutations of two adjacent nucleotides were introduced into the 5' non-coding region of the RNA 4 sequence by using (5' CTATAGTATTAAATGTCGACT 3'), (5' ACTATAG-TATATAATGTCGAC Y), (5' CACTATAGTAAATAATGTCGA-C 3') and (5" TCACTATAGTTAATAATGTCGAC 3"), and by using ssDN A obtained from pF4118 as the template. Site-directed mutagenesis was carried out using a commercial system (Mutan K, Takara Shuzo), which uses a modification of the procedure of Kunkel et al., (1987) , according to the manufacturer's specifications. Clones were screened for potential mutants by dideoxynucleotide sequencing of dsDNA using an M 13 sequencing primer (5' GTTTTCCCAGTCAC-GAC 3'); (Takara Shuzo, no. 3832).
In vitro transcription. All plasmids were linearized with EcoRI and used as templates for in vitro transcription. Capped full-length transcripts were synthesized in vitro by using T7 RNA polymerase as described by Mori et al. (1991) . RNA 4 derivatives were purified by Sephadex G-50 gel filtration and then used for in vitro translation analysis. Transcripts were quantified by measuring the absorbance value at 260 nm.
Preparation and inoculation of barley protoplasts. Protoplasts were isolated from 6-day-old barley seedlings (Hordeum vulgare cv. Moore) as described previously (Okuno & Furusawa, 1978) and inoculated with viral RNA transcripts as described (Ballas et al., 1987) .
Analysis of RNA. RNA was extracted from barley protoplasts (5 x 105 to 1 x 106) incubated with [3H]uridine (10 p.Ci/ml) from 24 to 27 h post-inoculation (p.i.) in the presence of actinomycin D (20 Ixg/ml) and the RNA was fractionated on a 3.5% polyacrylamide--7 M-urea gel as described (Maniatis et al., 1982) : The gels were treated with ENLIGHTNING (DuPont) for ttuorography and exposed to Fuji New RX film at -70 °C.
Immunoblot analysis of proteins. Protoplasts (5 × 105) collected at 24 h post-inoculation were suspended in Laemmli sample buffer, boiled for 5 rain and proteins were fractionated on a 12.5 % polyacrylamide gel containing 0.1% SDS (SDS-PAGE) as described (Okuno & Furusawa, 1979) . Proteins were then transferred to PVDF membrane (Miilipore) as described (Towbin et al., 1979) and immunodetected with goat antirabbit IgG conjugated with alkaline phosphatase using a mixture of anti-la, and anti:2a, anti-3a and anti-BMV sera at a 1:400 dilution. Anti-la and anti-2a sera were obtained by immunizing rabbits with fusion proteins (Horikoshi et al., 1988) . To express part of BMV 3a protein as a fusion protein in Escherichia coil, the HaeIII (nt 505)-SalI (tat 1250) fragment of pBTF3, which encodes the C-terminal half region of the 3a protein, was subcloned into the SmaI-SalI site of pRIT2T (Pharmacia). Expression of the 3a fusion protein and preparation of antiserum were as described (Horikoshi et al., 1988) . The protein was purified from a soluble fraction of the E. coil lysate by using Protein ASepharose 6FF column chromatography (Pharmacia-LKB).
Analysis of progeny from infected barley plants.
Seven-day-old barley seedlings (H. vulgare cv. Goseshikoku) were dusted with Carborundum (600 mesh) and inoculated with transcripts from pBTF3 or pBTF3W (1 Ixg in l0 Ixl of inoculation buffer per leaf) together with transcripts from pBTF1 and pBTF2 (1 ~tg each in the buffer) (Ahlquist et al., 1984b) . Barley seedlings were also inoculated with BMV virions of the four ATCC strains. Virions were extracted and purified from systemically infected leaves 3 weeks post-inoculation and coat proteins were analysed by SDS-PAGE followed by Coomassie blue staining. Viral RNAs extracted from the purified virions were electrophoresed on a 1-5% agarose gel in 89 mM-Tris-borate buffer containing 2 mM-EDTA. The nucleotide sequence of the 5' non-coding region of the viral RNA 4 was determined by the dideoxynucleotide RNA sequencing method as described (Meshi et al., 1983 ) using oligonucleotides B5 (5" CGCTGCGCGCGAGTC Y), and B6 (5' TTACTGGTTGGAC-CC 3') complementary to nt 1274 to 1288 and nt 1324 to 1338 of BMV RNA 3, respectively.
Analysis of proteins from in vitro translation. Proteins were translated in vitro using viral RNA transcripts or viral RNAs extracted from purified virions in wheatgerm extract (Amersham) according to the manufacturer's specifications. The reaction mixtures (10 ~tl) containing 0-1 M-potassium acetate, 67 mM of each amino acid without L-leucine, 1"3 units/p.l of RNasin (Promega), 5 ~tCi of L-[4,5-aH]leucine, 100 ng/~tl of RNA and 5 ~tl of wheatgerm extract were incubated at 25 °C for 60 rain. Radiolabelled polypeptides were fractionated on a 15 % SDSpolyacrylamide gel followed by fluorography as described above. To quantify the two types of coat protein translated from RNA 4 mutants, labelled proteins corresponding to the signals on a film were excised from the dried gel used for fluorography and the radioactivity was measured with a scintillation counter.
Results

Analysis o f viral proteins and R N A s synthesized in vivo
W h e n barley protoplasts were inoculated with either F3 (in vitro transcript of R N A 3 of A T C C 6 6 ) or F 3 W (F3 with two a d e n i n e residues inserted at positions -3 a n d -4 5' to the first initiation codon of the coat protein gene) together with B M V R N A 1 a n d 2 transcripts, nonstructural viral proteins (la, 2a and 3a) were produced in similar amounts. Protoplasts inoculated with an inoculum c o n t a i n i n g F3 produced two types of coat protein to almost equal levels whereas protoplasts inoculated with an inoculum c o n t a i n i n g F 3 W m a i n l y produced a coat protein with lower electrophoretic mobility (Fig. 2a) . Analysis of viral R N A s in protoplasts showed that there was no difference between F3 and F 3 W in the synthesis of either genomic or subgenomic R N A s (Fig. 2b) . P r i m a r y leaves of barley plants were inoculated with either F3 or F 3 W together with R N A 1 a n d R N A 2 transcripts or virion R N A , a n d progeny virus was purified from systemically infected leaves 3 weeks p.i. Several properties of the progeny virus were examined. The coat protein and R N A compositions and the 5' end sequences of the coat protein genes are shown in Fig. 3 . Virions o b t a i n e d from plants inoculated with F3 c o n t a i n e d two types of coat protein whereas a single coat protein of lower electrophoretic mobility was present in virions recovered after inoculation with F3W. Viral R N A s purified from these progeny were electrophoretically indistinguishable. T h e R N A s were also used as templates for sequencing the 5" end of the coat protein gene by the dideoxynucleotide procedure a n d in both cases the R N A sequence of the progeny was the same as that of the original inoculum. To confirm that two types of coat protein were actually generated by the use of two different initiation codons, we constructed the mutant M41 by introducing a fourbase frameshifting insertion into the coat gene of ATCC66, so that M41 produces a truncated coat protein lacking 15 amino acids in the C-terminal region. Barley protoplasts were inoculated with M41 together with transcripts from wild-type (wt) cDNA clones of RNA 1 and RNA 2, and viral protein accumulation was compared to that in protoplasts inoculated with wt viral RNA transcripts. M41 produced two types of coat protein both of which migrated to the expected positions below those of the two types of coat protein expressed from F3 (Fig. 4) .
In vitro translation of B M V R N A 4 mutants
Since BMV RNA 3 encodes the 3a protein upstream from the coat protein gene, the coat protein is translated not from RNA 3 but from subgenomic RNA 4 which is generated from RNA 3 during replication. To examine the mechanisms by which the two types of coat protein are produced, we analysed the products from in vitro translation of wt RNA 4 (F4; in vitro transcript of RNA 4 of ATCC66) and mutant RNA 4 (F4W; F4 having two adenine residues inserted at positions -3 and -4 5' to the first initiation codon of the coat gene). F4 clearly produced two types of coat protein (CP1 and CP2) like virion RNA, whereas F4W predominantly produced a coat protein (CP1) with lower electrophoretic mobility (Fig. 5) . The ratio of CP1 to CP2 translated from F4 was similar to that of the coat protein translated from viral RNA, indicating that the ratio of two types of coat protein was not affected by three genomic RNAs, nonstructural proteins encoded by the RNAs, or six or seven additional non-viral nucleotides at the 3' ends of F4 RNA (Ahlquist et al., 1984b , Mori et at., 1991 . Sacher & Ahlquist (1989) reported that two AUGs are present in the Y-proximal region of RNA 4 of the Russian strain of BMV and that the second AUG may also be used to initiate synthesis of a small amount of a truncated coat protein associated with wt BMV virions. The results shown in Fig. 4 suggest that the translation of the coat protein is initiated from two different AUG codons located at the Y-proximal end of the coat protein gene in the ATCC66 strain.
To confirm this, two frameshift mutants (F4FS and F4WFS) were produced by introducing a four-base insertion immediately after the first AUG codon of the coat protein gene so that a termination codon appears 5' (a)
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• . T S G T G K Ir-I R..." •.. to the second initiation codon and a truncated protein composed of eight amino acids is translated from the first AUG codon of the coat protein gene of both mutants (Fig. 6a ). F4FS and F4WFS produced coat proteins which migrated to the position of CP2 with an Mr of approximately 19K (Fig. 6b) . These results suggest that the second AUG functioned as an initiation codon, and that the synthesis of the coat proteins observed in F4 was initiated from both the first and second AUG codons. Kozak (1981) reported that the sequence favourable for translation initiation in eukaryotes is a purine in position -3 or a guanine in position -t-4, or both. In RNA 4 of ATCC66, the nucleotide in position -3 is uridine due to the absence of two adjacent adenine residues in the 5' non-coding region (Fig. 1) . Since these adenine residues are located in positions -3 and -4 in RNA 4 of the Russian strain which produces a single coat protein, various ATCC66 RNA 4 mutants containing substitutions in these positions were constructed to analyse the mechanisms by which two types of coat protein were produced. Although the amount of transcripts varied for each plasmid DNA, no correlation was found between the nucleotide sequence and the amount of transcripts. Equimolar transcripts were added to the in vitro translation system using wheatgerm extract in the presence of [3H]leucine. Since no codon for leucine is present between the first and second A U G codons in the BMV coat protein gene, the relative radioactivities or intensities of bands of CP1 and CP2 will reflect the relative number of molecules (Fig. 7, 8 and 9 ). In all mutants, both CP1 and CP2 were detected. Translational activities from the first A U G codon are indicated as the ratio of CP1 to total coat proteins synthesized, since the results described above suggest that the syntheses of CP1 and CP2 were initiated from the first and the second A U G codons, respectively (Fig. 6) . Comparison of translational activity from the first A U G of F4W derivatives shown in Fig.7 (a) and 7 (b) indicates that A functioned better than G, G better than C, and C better than U in position -3, whereas in position -4, C functioned better than A and A better than G or U. Consequently, both U in position -3 and G or U in position -4 decreased translational activity from the first A U G codon. Although F4 contains U both in positions -3 and -4 , not only F 4 U U but also other derivatives showed higher translational activity from the first A U G than did F4 (Fig. 7b) .
The absence of two adjacent adenine residues resulted in a nucleotide substitution of A for U in position -3 , and also in shortening of the 5' non-coding region of R N A 4. To investigate the effect of the latter on the translational activities from the first A U G codon, we constructed a series of deletion mutants that lack two adjacent nucleotides in the 5" non-coding region (Fig. 8 ).
All deletion mutants tested showed a decrease in translational activity from the first AUG. F4D1 and F4 contain U in position -3, and showed less translational activity than F4D2, F4D3 and F4D4 which contain A in position -3 . Although the 5' non-coding sequence of F4D1 was identical to that of F4 except for one nucleotide in position -2 , F4D1 showed higher activity than F4, indicating that that base in position -2 also affected translational activity from the first A U G codon (Fig. 8) .
Although G is the most favoured nucleotide in position + 4 of eukaryotic translation initiation sites (Kozak, 1981 (Kozak, , 1986 , U is in this position in all four genes encoded by BMV RNAs (Ahlquist et al., 1984a; K. Mise et al., unpublished results) . The F4W and F4 derivatives containing base substitutions in position + 4 were prepared and the translational activity was examined. In both derivatives G functioned better than A, A better than U and U better than C in position + 4. Comparison between the change of activity from F4W to F4 and that from F4WG1 to F4G1 showed that the deletion of two adenine residues from the 5' non-coding region of R N A 4 with a G in position + 4 caused less dramatic change than in mutants that had U in position + 4 (Fig. 9) .
Nucleotide sequence of the 5" non-coding region of B M V RNA 4 of several strains of B M V and the coat protein associated with their virions
Nucleotide sequences of the 5'-proximal region of R N A 4 in three BMV strains were determined by dideoxynucleotide RNA sequencing using oligonucleotides B5 and B6 as primers (Fig. 10) . The nucleotide sequence of R N A 4 of BMV PVI80 was [5' G U A U U A G U A A U G 3'] and those of both PV47 and PV178 were [5' G U A U U A A U -A A U G 3'], identical to that of the Russian strain (Ahlquist et al., 1981) . The second A U G was observed in the coat protein coding region in the Y-proximal region o f B M V R N A 4 of all three strains as well as in that of the ATCC66 strain. The coat protein of the three BMV strains was then analysed by SDS-PAGE. Virions of all strains predominantly contained the larger sized coat protein with a trace amount of the small coat protein which migrated to a position just below that of the wt coat proteins. The amount of the smaller coat protein was greater in PV180 than in PV47 and PV178 (Fig. 1 I) . These results are consistent with those obtained from in vitro analyses described above in that G functions less efficiently than A in position -3. The differences in the mobility of the full-length coat protein between BMV ATCC66 and the other three strains resulted from amino acid substitution(s) in the N-terminal region of the coat protein (unpublished results).
Discussion
Two adjacent adenine residues are absent from the 5' non-coding region of RNA 4 in the ATCC66 strain of BMV, in comparison with the Russian strain. This region is expected to be the 5' leader sequence for efficient translation of the coat protein (Shih & Kaesberg, 1973; Ahlquist et al., 1979) , and also to be part of the internal promoter for subgenomic RNA 4 synthesis (Marsh et al., 1988) . F3 lacking the two adenine residues produced two types of coat protein, whereas F3W containing two adenine residues artificially inserted in the same position as that of the Russian strain mainly produced a single coat protein in both barley protoplasts ( Fig. 2a) and plants (Fig. 3a) . On the other hand, the two adenine residues did not affect the synthesis of RNA 4 (Fig. 2b) despite the fact that the 5' non-coding region of RNA 4 is involved in accurate initiation for the synthesis of RNA 4 from ( -) sense RNA 3 (Marsh et al., 1988) . Therefore, we conclude that the production of two types of coat protein in the ATCC66 strain of BMV occurs due to the absence of two adjacent adenine residues from the 5' non-coding region in RNA 4 and that this is regulated at the translational level and not the transcriptional level. Most cellular mRNAs including viral mRNAs in eukaryotic cells are structurally and functionally monocistronic (Kozak, 1983) . However, quite a number of viral mRNAs are structurally polycistronic and functionally monocistronic (refer to Kozak, 1983) . Since BMV RNA 3 contains two open reading frames (ORFs) with the 3a ORF preceding that encoding the coat protein, a subgenomic RNA 4 is synthesized from RNA 3 for translation of the coat protein. However, a small number of eukaryotic mRNAs encode and express two proteins (Kozak, 1986 b) . In most cases production of two proteins results from initiation at both the first and second AUG triplets and is explained by the 'leaky scanning' model. As shown in Fig. 4 and Fig. 6 , translation of the two BMV coat proteins was initiated from both the first and second AUG codons. According to the leaky scanning model, and the results obtained here using a series of mutants with base substitutions or deletions around the first AUG, we propose the following mechanism by which the two coat proteins are produced in the ATCC66 strain of BMV. Deletion of the two adjacent adenine residues in the 5' non-coding region of RNA 4 results in a base substitution of A with U in position -3. As a result, some 40S subunits of ribosomes initiate translation there, whereas other ribosomes bypass the first AUG codon and initiate translation from the next AUG codon downstream. The U in position +4 is probably less favourable for the context of the AUG codon (Fig. 9, F4 and F4G1) so that two coat proteins are produced in ATCC66.
Most cellular mRNAs have a 5' non-coding sequence in the range of 40 to 80 nt (Kozak, 1983) . However, translation of immunoglobulin is initiated from both the first and second AUG triplets in the mRNA whose first AUG triplet lies just 3 nt from the 5' terminus (Kelley et al., 1982) . Based on these results, Kozak (1983) suggested that the precision of initiation might be impaired if the sequence preceding the first AUG codon is too short. This was shown to be true for eukaryotic mRNA by Kozak (1991) . In mutants F4D3 and F4D4, translational activity from the first AUG decreased although the leader sequence between positions -1 and -4 was identical to that of F4W (Fig. 8) . This suggests that reduction in length of the 5' non-coding region also reduces initiation activity from the first AUG codon.
The biological properties of F3 and F3W were not distinguishable in terms of the development of symptoms on barley plants or the accumulation of virus particles in the plants. These observations agree with the dispensability of the N terminus of the coat protein of Russian strain of BMV (Sacher & Ahlquist, 1989) . We cannot define any specific function associated with either the full-length coat protein or the two adenine residues in RNA 4. However the ratio of full-length coat protein to the truncated one is a little higher in virions (Fig. 3 and Fig. 11 ) than in total cellular coat proteins (Fig. 2a) . This observation might help us determine the function of the N-terminal amino acids.
The ATCC66 strain of BMV was obtained from Dr C. Hiruki (Alberta, Canada) and has been propagated in barley plants in our laboratory since 1973. Although we do not have the original virus stock used for the initial propagation of the virus at our laboratory, BMV (ATCC66) stocked at Dr Hiruki's laboratory had a single coat protein even in 1991 (result not shown). ATCC66 was originally derived from the virus propagated at the University of Wisconsin-Madison, U.S.A. as a standard strain BMV of McKinney (1942) , and the strain was registered as ATCC PV47 of the type strain of BMV. PV47 has the sequence mTGpppGUAUUAAUAAUG at the 5' end of RNA 4. These results suggest that two adjacent adenine residues present in the original virus were deleted during propagation of the virus in our laboratory. Although we do not know how the two adjacent adenine residues were deleted, positions -3 and -4 might be a hot spot for mutation because they are positioned at the loop in the structure predicted by 
